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SUMMARY 

Apollo 9 w a s  t h e  first manned f l i g h t  involving t h e  lunar  module. 
The crew were James A. McDivitt,  Commander; David R .  S c o t t ,  Command 
Module P i l o t ;  and Russe l l  L.  Schweickart, Lunar Module P i l o t .  

The launch, which had been scheduled f o r  February 28, w a s  postponed 
f o r  3 days because a l l  t h r e e  crewmen had upper r e s p i r a t o r y  i n f e c t i o n .  
The space veh ic l e  w a s  launched from Kennedy Space Center,  F lor ida ,  a t  
11:OO:OO a.m.  e . s . t . ,  March 3, 1969. 
t h e  spacec ra f t  and S-IVB combination w a s  i n s e r t e d  i n t o  an  o r b i t  of 102.3 
by 103.9 n a u t i c a l  miles. 

Following a nominal launch phase, 

After  pos t - inser t ion  checkout w a s  completed, t h e  command and s e r v i c e  
modules were separa ted  from t h e  S-IVB, t ransposed,  and docked with t h e  
luna r  module. 
4:08:05. 
28.2 seconds, were made while t he  spacec ra f t  remained docked. 

The docked spacecraf t  were separa ted  from t h e  S-IVB a t  
Four se rv i ce  propulsion f i r i n g s  l a s t i n g  5.1, 110.0,  281.6, and 

A t  approximately 43.5 hours,  t h e  Lunar  Module P i l o t  and t h e  Commander 
t r a n s f e r r e d  t o  t h e  luna r  module. A 369.7-second f i r i n g  of t h e  lunar  mod- 
ule descent propulsion system was i n i t i a t e d  about 6 hours la ter ;  t h e  two 
crewmen then  re turned  t o  t h e  command module f o r  t h e  f i f t h  se rv i ce  propul- 
s i o n  f i r i n g ,  which l a s t e d  43.3 seconds. 

A t  approximately 70 hours,  the  Lunar Module P i l o t  and t h e  Commander 
again t r a n s f e r r e d  f o r  t h e  Lunar Module P i l o t ' s  37-minute ex t ravehicu lar  
a c t i v i t y .  

A t  about 89 hours,  t h e  Commander and t h e  Lunar Module P i l o t  re turned  
t o  t h e  lunar  module f o r  the t h i r d  t i m e  t o  perform the rendezvous. The 
lunar module primary guidance system w a s  used t o  conduct t h e  rendezvous 
wi th  back-up ca lcu la t ions  being made by t h e  command module computer. 
phasing and i n s e r t i o n  maneuvers were performed using t h e  descent propul- 
s i o n  system t o  set-up t h e  rendezvous. 
separa ted ,  followed by a reac t ion  con t ro l  c o e l l i p t i c  sequence i n i t i a t i o n  
maneuver. The ascent  propuls ion system w a s  f i r e d  t o  e s t a b l i s h  t h e  con- 
s t a n t  d e l t a  he ight .  The terminal  phase of t h e  rendezvous began on t i m e ,  
and t h e  spacecraf t  were again docked a t  about 99 hours .  
w a s  j e t t i s o n e d  about 2-1/2 hours later.  
pu l s ion  system w a s  f i r e d  t o  propel lan t  deple t ion .  
350 seconds and r e s u l t e d  i n  an o r b i t  of 3747 by 124.5 n a u t i c a l  m i l e s .  

The 

The ascent  and descent s tages  were 

The ascent  s t age  
Shor t ly  a f te r ,  t h e  ascent  pro- 

The f i r i n g  lasted 

The s i x t h  se rv ice  propulsion f i r i n g ,  t o  lower apogee, w a s  delayed 

However, t h e  maneuver w a s  rescheduled and successfu l ly  com- 
because t h e  +X t r a n s l a t i o n  t o  precede t h e  maneuver w a s  not  programmed 
proper ly .  
p l e t e d  i n  t h e  next revolu t ion .  
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During t h e  l a s t  t h r e e  days, a 25-second seventh s e r v i c e  propuls ion 
f i r i n g  w a s  made t o  r a i s e  t h e  apogee, and a mul t i spec t r a l  photography 
experiment and landmark t racking  were accomplished. 

Unfavorable weather i n  t h e  planned lznding area caused t h e  deorb i t  
maneuver t o  be delayed f o r  one r evo lu t io r .  The command module landed i n  
t h e  At l an t i c  Ocean near  t h e  t a r g e t  of 23 qegrees 1 5  minutes north l a t i -  
tude ,  68 degrees west longi tude,  as determined from t h e  onboard computer 
so lu t ion .  The to ta l  f l i g h t  durat ion w a s  241 hours,  53 seconds. 

A l l  spacecraf t  systems performed e s s e n t i a l l y  as planned. Thermal 
c h a r a c t e r i s t i c s  of both spacecraf t  va r i ed  wi th in  acceptable  limits. Con- 
sumables usage w a s  maintained a t  acceptable  levels.  Communications qual- 
i t y  w a s  general ly  s a t i s f a c t o r y  with t e l e v i s i o n  t ransmissions from t h e  
lunar  module on two occasions.  

INTRODUCTION 

This report  is  based on an evaluat ion of prel iminary data, and t h e  
s t a t e d  values are sub jec t  t o  change i n  l a t e r  r e p o r t s .  A l l  times are 
referenced t o  range zero,  t h e  i n t e g r a l  second before  l i f t - o f f ;  range 
zero w a s  16:oo:oo G . m . t . ,  March 3, 1969. 
s ion  events  i s  presented i n  t a b l e  I .  Only t h e  most s i g n i f i c a n t  systems 
information i s  presented i n  t h e  appropriate  s ec t ions .  

A sequence of s i g n i f i c a n t  mis- 

EXTRAmH I C U M  ACT I V I  TY 

Extravehicular a c t i v i t y ,  planned f o r  t h e  t h i r d  day, w a s  reduced from 
2 hours 1 5  minutes t o  about 1 hour of depressurized lunar  module a c t i v i t y .  
This change was made because t h e  Lunar Module P i l o t  experienced a minor 
i n f l i g h t  i l l n e s s  during t h e  f i r s t  2 days ," t h e  mission. 

Preparat ion f o r  extravehicular  a c t i .  i L> began a t  approximately 
71 hours.  The Comander and t h e  Lunar Module P i l o t  were i n  t h e  lunar  
nodule and the  Command Module P i l o t  i n  t h e  command module. A t  approxi- 
mately 73 hours, a f t e r  donning t h e  por tab le  l i f e  support  and oyygen purge 
systems, t h e  Lunar Module P i l o t  egressed through t h e  forward hatch and 
moved t o  t h e  ex te rna l  foo t  r e s t r a i n t s  on ne platform. During t h i s  t ime,  
t h e  command module w a s  depressurized, and t h e  s i d e  hatch w a s  opened. 
Thermal sample r e t r i e v a l  w a s  photographica' l y  recorded w i t h  t h e  sequence 
cameras. The Lunar Module P i l o t  used t h e  handra i l s  t o  eva lua te  body con- 
t r o l  and t r a n s f e r  techniques.  Ingress  was completed a t  about 74 hours .  
Both hatches were then  secured and t h e  veli icles repressur ized .  The port-  
ab le  l i f e  support system w a s  successfu l ly  recharged with oxygen and water. 
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The l i t h ium hydroxide ca r t r idge  from t h e  system w a s  r e tu rned  t o  t h e  com- 
mand module f o r  p o s t f l i g h t  metabolic ana lys i s .  

The r ep res su r i za t ion  cycles f o r  both vehic les  were nominal, and 
pos t - ac t iv i ty  procedures were followed without d i f f i c u l t y .  

Heart and metabolic r a t e s  f o r  t h e  Lunar Module P i l o t  during t h e  
ex t r aveh icu la r  a c t i v i t y  were very low, about 61 t o  88 beats/minute and 
500 Btu/hr,  r e spec t ive ly .  

RENDEZVOUS 

The Commander and t h e  Lunar Module P i l o t  t r a n s f e r r e d  t o  t h e  luna r  
module on t h e  f i f t h  day f o r  t h e  rendezvous. The rendezvous exe rc i se  be- 
gan on schedule with a 5 f t / s e c  separa t ion  maneuver using t h e  s e r v i c e  
module r eac t ion  con t ro l  system. 

A phasing maneuver of 90.5 f t / s e c  w a s  performed wi th  t h e  luna r  module 
descent propulsion system, about 2.8 n .  m i .  from t h e  command module. A t  
approximately 12 n. m i .  above and 27 n.  m i .  behind t h e  command and s e r v i c e  
modules, t h e  descent propulsion system was used t o  impart a 43.1-ft /sec 
i n s e r t i o n  ve loc i ty  t o  t h e  lunar  module. A t  a range of 75 n. m i .  from t h e  
command and se rv ice  modules, t h e  ascent and descent s t ages  of t h e  luna r  
module were separa ted ,  and a c o e l l i p t i c  sequence i n i t i a t i o n  maneuver o f  
40.0 f t / s e c  w a s  made with t h e  lunar  module r eac t ion  c o n t r o l  system. A t  
approximately 10 n.  mi. below and 78 n. m i .  behind t h e  command and se r -  
v i ce  modules, t h e  constant d e l t a  height maneuver w a s  performed wi th  t h e  
ascent  propulsion system imparting a ve loc i ty  change of 41.5 f t / s e c .  
t e rmina l  phase began on t i m e  w i t h  a 22.3-ft/sec luna r  module r eac t ion  
c o n t r o l  system maneuver. 

The 

Braking maneuvers were conducted on schedule, and s ta t ion-keeping 
w a s  maintained a t  a d is tance  of 100 f e e t  so t h a t  photographs could be 
t aken  from both vehic les .  Docking was successfu l ly  completed a t  about 
99 hours.  Problems were experienced i n  using t h e  crewman o p t i c a l  a l ign -  
ment s i g h t  i n  both vehic les  during docking. The combination of a b r i g h t  
command module, a dimly l i g h t e d  command module t a r g e t ,  and a r e l a t i v e l y  
d i m  r e t i c l e  i n  t h e  alignment s i g h t  made lunar  module docking a d i f f i c u l t  
t a s k .  Propel lan t  usage by t h e  lunar module r eac t ion  c o n t r o l  system dur- 
i n g  t h e  rendezvous was about 35 percent l e s s  than  predic ted .  

Lunar module rendezvous navigation and maneuver t a r g e t i n g  ilsing both 
t h e  primary and t h e  backup guidance systems were s a t i s f a c t o r y .  Radar 
data were successfu l ly  used, both automatically by t h e  primary system 
and through manual i n s e r t i o n  i n  t h e  abor t  guidance system, t o  c o r r e c t  
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rendezvous state vec tors .  Maneuver so lu t ions  f r o n  both onboard systems 
and from ground computations appeared t o  c o r r e l a t e  c lose ly .  The crew 
s e l e c t e d  t h e  primary system so lu t ions  f o r  a l l  maneuvers through t h e  f i r s t  
midcourse cor rec t ion  performed a f t e r  te rmina l  phase i n i t i a t i o n .  

Rendezvous navigat ion and mirror-image t a r g e t i n g  i n  t h e  command 
module were performed s a t i s f a c t o r i l y ;  however, loss  of t h e  luna r  module 
t r ack ing  l i g h t  prevented sex tan t  measurements from t h e  command module 
when both vehicles were i n  darkness.  Preliminary da ta  i n d i c a t e  t h a t  
command module maneuver ca l cu la t ions  f o r  te rmina l  phase i n i t i a t i o n  were 
s a t i s f a c t o r y ,  

TRAJECTORY 

The spacecraft/S-IVB combination w a s  i n s e r t e d  i n t o  e a r t h  o r b i t  a t  
0:11:14.7 a f t e r  a normal launch phase. 
l o c i t y  w a s  25 567 f t / s e c ,  f l igh t -pa th  angle w a s  0.002 degree, and a l t i t u d e  
w a s  103.4 n.  m i .  
are given i n  table  I1 f o r  a l l  engine f i r i n g s .  

A t  i n s e r t i o n ,  t h e  space-fixed ve- 

The r e s u l t i n g  o r b i t a l  elements and maneuver parameters 

Four serv ice  propuls ion system maneuvers were performed p r i o r  t o  t h e  
f i r s t  docked descent engine f i r i n g .  Each of t h e  f i r s t  t h r e e  se rv ice  pro- 
puls ion maneuvers were made without requi r ing  a +X t r a n s l a t i o n  t o  s e t t l e  
p rope l l an t s .  The four th  se rv i ce  propuls ion maneuver w a s  preceded by an 
18-second +X t r a n s l a t i o n  made with t h e  se rv ice  module r eac t ion  con t ro l  
system. None of t h e  o r b i t s  r e s u l t i n g  from t h e s e  maneuvers d i f f e r e d  by 
more than 2.3 n .  m i .  from t h e  planned condi t ions .  

The f i f t h  docked se rv ice  propulsion maneuver r e s u l t e d  i n  t h e  per igee  
being approximately 5 n.  m i .  l e s s  than  planned causing t h e  rendezvous t o  
be i n i t i a t e d  4 minutes ear l ie r .  
were expected, and real-t ime t r a j e c t o r y  planning f o r  both rendezvous and 
deorb i t  w a s  conducted t o  accommodate minor adjustments i n  t h e  i n i t i a t i o n  
t i m e s  and ve loc i ty  increments. I n  t h i s  regard,  out-of-plane components 
w e r e  added during t h e  f l i g h t  t o  c e r t a i n  preplanned maneuvers t o  provide 
subs t a n t i  a1 reduct ion i n  spacecraf t  weight without  s i  gni f i  cant  l y  changing 
t h e  o r b i t a l  parameters f o r  subsequent maneuvers. 

Small cu to f f  e r r o r s  of  t h i s  magnitude 

The t r a j e c t o r y  aspec ts  of t h e  rendezvous exerc ise  have been previ-  
ously discussed. 

A f t e r  t he  ascent  s tage  j e t t i s o n ,  a 3-f t /sec sepa ra t ion  maneuver w a s  
performed by t h e  se rv ice  module r eac t ion  con t ro l  system. The ascent  
engine w a s  then f i r e d  t o  propel lan t  deple t ion .  
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The s i x t h  se rv ice  propulsion maneuver w a s  delayed one revolu t ion  
and completed nominally. 

The deorb i t  maneuver w a s  made over H a w a i i  during revolu t ion  152, 
and command module/service module separat ion w a s  performed. 
condi t ions at en t ry  i n t e r f a c e  were 25 897 f t / s e c  i n  ve loc i ty  and -1.8 de- 
grees i n  f l igh t -pa th  angle.  
23 degrees 15  minutes north l a t i t u d e  and 68 degrees west longi tude ( s e e  
Mission Support Performance , Recovery). 

The en t ry  

The command module landed a t  241:00:53 near  

COMMUNICATIONS 

Communications were general ly  s a t i s f a c t o r y .  Good q u a l i t y  real-t ime 
and dumped te lemetry da ta  were received. Voice qua l i t y  w a s  good through- 
out t h e  rendezvous and during most of t h e  o ther  mission phases.  Tele- 
v i s i o n  w a s  received during two t ransmission periods from t h e  lunar  module. 

During launch, t h e  S-band uplink phase lock w a s  l o s t  from 0:05:06 t o  
0 :06 zoo. During t h e  uplink loss and subsequent r eacqu i s i t i on  at tempts ,  
t h e  automatic t r a n s f e r  of downlink s i g n a l  sources wi th in  t h e  spacecraf t  
t ransponder  caused in t e rmi t t en t  loss of downlink lock and te lemetry syn- 
chronizat ion.  

S-band voice from t h e  luna r  module w a s  not  received at t h e  Mission 
Control Center during t h e  first t e l ev i s ion  t ransmission.  The S-band 
voice w a s  received a t  t h e  Merr i t t  I s land  s t a t i o n ,  however, and it i s  sus- 
pected t h a t  t ransmission t o  t h e  Mission Control Center w a s  i n h i b i t e d  by 
a voice-operated ampl i f ie r  wi th in  the  Merr i t t  I s l and  s t a t i o n .  

Good qua l i ty  voice transmission w a s  received from each of t h e  crew- 
men during t h e  ex t ravehicu lar  a c t i v i t y ;  however, t h e  crew d id  not rece ive  
upl ink voice transmissions through t h e  Guaymas, Texas, Mer r i t t  I s l and ,  
Bermuda, and USNS Vanguard s t a t i o n s .  Incor rec t  configurat ion at a l l  of 
t h e  a f f e c t e d  s t a t i o n s  , except Bermuda, r e s u l t e d  i n  t ransmissions using 
only t h e  S-band uplink. Reception w a s  i n h i b i t e d  because t h e  spacecraf t  
S-band 'volume cont ro l  s e t t i n g s  were s e t  at f u l l  decrease as spec i f i ed  i n  
t h e  c h e c k l i s t .  Transmission from Bermuda w a s  made during periods of 
i n t e rveh icu la r  communication, when t h e  spacecraf t  VHF rece ivers  a re  nor- 
mally i n  a captured configurat ion.  

Ver i f i ca t ion  of the  commands t ransmi t ted  between 109 :2l:5O and 
118:46:53 was not detected by t h e  ground s t a t i o n s ,  but  ava i l ab le  data 
confirm t h a t  t h e  commands were properly encoded and t ransmi t ted .  
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COMMAND AND SERVICE MODULE SYSTEMS PERFORMANCE 

S t r u c t u r a l  and Mechanical Systems 

A t  l i f t - o f f ,  measured peak winds a t  both t h e  60-foot level and t h e  
region of high dynamic pressure  were below t h e  e s t ab l i shed  limits. D u r -  
i n g  t h e  launch phase,  acce le ra t ions  measured i n  t h e  command module were 
nominal and s imi l a r  t o  those  measured during t h e  Apollo 8 mission. 

All hardware i n  t h e  mechanical systems performed s a t i s f a c t o r i l y ,  and 
only two discrepancies were noted. Both were assoc ia ted  with docking and 
have been dupl icated i n  ground t e s t i n g .  

Duri’ng i n i t i a l  undocking, t h e  Command Module P i l o t  a c t i v a t e d  t h e  
probe-extend switch,  and t h e  vehicles  began t o  separa te  , i nd ica t ing  re- 
lease of t h e  probe-extend l a t c h .  However, t h e  vehicles  d id  not  phys ica l ly  
separa te  because t h e  switch w a s  not he ld  i n  t h e  undock pos i t i on  long enough 
and t h e  probe-capture la tches  remained i n  t h e  locked conf igura t ion .  Recy- 
c l i n g  of t h e  switch completed t h e  probe extension,  and normal undocking 
w a s  achieved. 

P r i o r  t o  t h e  luna r  module docking maneuver, t h e  Command Module 
P i l o t  placed t h e  probe-extend/release switch i n  t h e  r e t r a c t  p o s i t i o n  i n  
prepara t ion  for docking. With t h e  switch i n  t h i s  pos i t i on ,  an ind ica t ion  
showed t h e  probe w a s  not  i n  t h e  cor rec t  p o s i t i o n  f o r  docking. Switching 
through t h e  ex tend/ re t rac t  cycle produced t h e  normal ind ica t ion .  

E l e c t r i c a l  Power 

Ba t t e r i e s  .- The en t ry  and pyrotechnic b a t t e r i e s  performed s a t i s f a c -  
t o r i l y .  Bat tery A received one complete and t h r e e  p a r t i a l  recharges,  
and b a t t e r y  B received four  p a r t i a l  recharges.  Bat te ry  C w a s  not  re- 
charged. The b a t t e r y  recharging w a s  adequate t o  support mission require-  
ments, although t h e  charging t ime f o r  b a t t e r y  B w a s  longer than  expected. 
The charge remaining i n  t h e  b a t t e r i e s  at command module/service module 
separa t ion  was est imated t o  be 39.0, 32.4, and 38.9 A-h f o r  batteries 
A,  B ,  and C y  respec t ive ly ,  f o r  a t o t a l  of 110.3 A-h. 

Fuel  c e l l s  and cryogenic s torage.-  Operation of t h e  f u e l  c e l l s  and 
cryogenic s torage system w a s  s a t i s f a c t o r y .  Servicing and top-off of 
cryogenic hydrogen and oxygen before  l i f t - o f f  were accomplished, and f u e l  
c e l l  s t a r t -up  w a s  narmal. 

Operation of t h e  cryogenic oxygen s torage  system w a s  normal. A 
caution-and-warning alarm f o r  t h e  hydrogen system w a s  ac t iva t ed  f i r s t  a t  
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approximately 5 hours and s e v e r a l  times t h e r e a f t e r  when t h e  p re s su re  i n  
tank 1 f e l l  below t h e  alarm t r i p  l e v e l  of 227 p s i .  

A t  approximately 94 hours,  t h e  hea te r s  i n  t h e  hydrogen tanks f a i l e d  
t o  come on automatically.  A t  1 0 1  h o u r s ,  t h e  automatic system recovered 
and increased  t h e  pressure i n  both tanks t o  above t h e  pressure  where 
automatic cu tof f  should occur,  The hea te r  system w a s  manually turned  
o f f  a t  106 hours. 
fan  opera t ion  for t h e  remainder of t h e  mission. 

Pressure cont ro l  w a s  maintained by manual c o n t r o l  of 

Cryogenic usage r a t e s  were within 2 percent of p red ic t ed  va lues ,  
and quan t i ty  balancing i n  both systems w a s  s a t i s f a c t o r i l y  maintained. 

A t  62 hours,  t h e  condenser e x i t  temperature of f u e l  c e l l  2 dropped 
t o  approximately 150' F (normal i s  155' t o  165' F ) .  A t  90.5 hours , t h e  
temperature  peaked at 175' F f o r  t he  f irst  of s e v e r a l  excursions out of 
normal opera t ing  to le rances  ; however , t h e  parameter recovered a t  about 
191 hours and remained wi th in  normal l i m i t s  t h e r e a f t e r .  

The f u e l  c e l l s  generated 450 kwh, 15  000 A-h, and 350 pounds of 
water  during t h e  mission. 
330 pounds , respec t ive ly .  

To ta l  hydrogen and owgen usages were 42 and 

Communi c a t  i ons 

Management and performance of t h e  communications systems were good 
throughout t h e  f l i g h t  and during the recovery opera t ion .  Most of t h e  
omnidirect ional  antenna switching, s e l e c t i o n  of high- and low-bit-rate 
te lemet ry ,  and record and playback of da ta  s torage  equipment were accom- 
p l i s h e d  by real-t ime command. 

From approximately lo9  t o  l l 9  hours,  ground s t a t i o n s  were unable t o  
accomplish mul t ip le  commands t o  the spacecraf t  ; however, command capabil-  
i t y  w a s  r e s to red  a f t e r  t h e  crew cycled t h e  uplink command switch.  

The S-band omnidirectional antennas were used throughout t h e  mission, 
except for a shor t  per iod during the n in th  day when t h e  automatic reacqui- 
s i t i o n  mode of t h e  high-gain antenna w a s  exerc ised  over t h e  Carnarvon and 
H a w a i i  s t a t i o n s .  
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Instrumentat ion 

The instrumentat ion system provided adequate support  f o r  t h e  mission. 
Lunar module te lemetry da ta  w e r e  successfu l ly  t r ansmi t t ed  t o  t h e  command 
module over t h e  VHF l i n k  and were then  recorded and dumped through command 
module S-band equipment. 

The c e n t r a l  t iming equipment experienced a reset t o  zero  a t  approxi- 
mately 168 hours and was subsequently cor rec ted  through t h e  command l i n k .  
The t iming equipment operated properly t h e r e a f t e r .  

Display of  da t a  from t h e  helium-tank pressure  t ransducer  i n  t h e  
se rv ice  propulsion system w a s  l o s t  at l i f t - o f f  , bu t  t h e  redundant t rans-  
ducer provided s a t i s f a c t o r y  da t a .  

A t  about 23 hours ,  t h e  oxygen flow r a t e  i nd ica t ion  f o r  f u e l  c e l l  3 
displayed a higher-than-expected value bu t  re turned  t o  normal at 27 hours 
30 minutes. 

Controls and Displays 

Several  master caution-and-warning alarms occurred during t h e  mis- 
s ion .  Certain of  t hese  alarms were appropr ia te  f o r  t h e  condi t ions t h a t  
ex i s t ed ,  including those assoc ia ted  with gaging system opera t ion  f o r  
s e rv i ce  propulsion maneuvers 3 and 7. Other alarms occurred, once at 
command and se rv ice  module docking and twice during t h e  deorb i t  maneuver, 
which appear t o  be  unre la ted  t o  system condi t ions and are not explained 
a t  t h i s  time. 

Guidance, Navigation, and Control 

A l l  guidance, navigat ion,  and con t ro l  funct ions were performed satis-  
f a c t o r i l y .  A t  i n se r t ion ,  t h e  d i f fe rences  between t h e  onboard and t h e  
ground-calculated apogee and per igee  a l t i t u d e s  were l a r g e r  than  normal. 
The cause of t h e s e  d i f fe rences  w a s  i s o l a t e d  t o  a change i n  X-axis accel-  
erometer b ias  i n  t h e  f i n a l  countdown per iod .  This b i a s  change caused a 
misalignment during prelaunch gyrocompassing, as w e l l  as a direct  down- 
range ve loc i ty  e r r o r  during ascent .  The bias compensation w a s  updated 
i n  f l i g h t  and remained s t a b l e  f o r  t h e  remainder of t h e  mission. Other 
measurable i n e r t i a l  parameters were a l s o  s t a b l e  throughout t h e  mission. 
The i n e r t i a l  measurement u n i t  w a s  a l igned  o p t i c a l l y  several t i m e s  wi th  
exce l l en t  r e s u l t s .  The crew repor ted  some d i f f i c u l t y  i n  t h e  use of t h e  
scanning te lescope,  i n  t h a t  it tended t o  s t o p  momentarily at  t i m e s  when 
r o t a t i n g  about t h e  sha f t  axis. On o the r  occasions,  t h e  u n i t  s tuck such 
t h a t  manipulation using t h e  universa l  t o o l  w a s  requi red  before  operat ion 
could be  resumed. The sex tan t  was not  a f f e c t e d  and remained f u l l y  opera- 
t i o n a l  throughout t h e  mission. 
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Eight s e rv i ce  propulsion maneuvers were performed, and t h e  r e s u l t s  
were cons i s t en t  with p r e f l i g h t  pred ic t ions .  A l l  maneuvers except one 
were con t ro l l ed  by t h e  d i g i t a l  au top i lo t .  Manual takeover w a s  accom- 
p l i shed  during t h e  t h i r d  maneuver, and manual t h r u s t  vec tor  con t ro l  using 
t h e  r a t e  mode of t h e  s t a b i l i z a t i o n  and cont ro l  system w a s  s a t i s f a c t o r y .  

Stroking t e s t s  were performed during t h e  second and t h i r d  se rv i ce  
propuls ion maneuvers. These t e s t s  involved a preprogrammed sequence of 
engine gimbal motions t h a t  had been s e l e c t e d  t o  e x c i t e  s t r u c t u r a l  bend- 
i n g  of t h e  docked vehic les .  Results were as predic ted .  

A number, of landmark t racking  exerc ises  were performed t o  demonstrate 
t h e  yaw/ro l l  cont ro l  technique. 
caused some d i f f i c u l t y ,  t h e  technique w a s  s a t i s f a c t o r y .  

Although t h e  te lescope  dr ive  problem 

The en t ry  monitor system performed properly while monitoring a l l  
s e r v i c e  propuls ion maneuvers. Navigation and backup t a r g e t i n g  during 
rendezvous were performed successful ly .  Primary guidance and con t ro l  
performance during en t ry  w a s  nominal. 

Reaction Control System 

A l l  r eac t ion  cont ro l  system parameters were normal. The command 
module r eac t ion  cont ro l  system performed normally during en t ry .  

The thermal cont ro l  system i n  t h e  se rv ice  module r eac t ion  con t ro l  
system maintained package temperatures within t h e  normal range of 120" 
t o  140" F, except during times of f requent  engine usage. 
module engine temperatures remained above t h e  28" F lower l i m i t  and t h e  
h e a t e r s  were not required.  A t o t a l  of 813 pounds of s e rv i ce  module pro- 
p e l l a n t s  were used during t h e  mission, with 225 pounds being consumed 
during undocked operations w i t h  the  lunar  module. 

The command 

During t r anspos i t i on  and docking , t r a n s l a t i o n  c a p a b i l i t y  t o  t h e  l e f t  
d id  not e x i s t  because a l l  normally open propel lan t  i s o l a t i o n  valves on 
quad C and secondary propel ian t  tank i s o l a t i o n  valves on quad D were 
closed.  Normal system operat ion was re turned  when t h e  crew reopened these  
valves and no similar discrepancies occurred during t h e  remainder of  t h e  
mission. 

Service Propulsion 

Eight s e rv i ce  propulsion maneuvers were accomplished f o r  a t o t a l  
The a c t u a l  f i r i n g  times and ve loc i ty  f i r i n g  durat ion of 506 seconds. 

increments a r e  summarized i n  t ab le  11. With t h e  exception of t h e  pro- 
p e l l a n t  ? k i l i z z t i c x ~  ~_n_? gngi  n g  system, t h e  se rv ice  propuls ion system 
performed nominally throughout the  f l i g h t .  
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Operation of t h e  propel lan t  u t i l i z a t i o n  and gaging system w a s  satis- 
f ac to ry  u n t i l  p rope l lan t  had been depleted from t h e  s torage  tanks during 
t h e  t h i r d  serv ice  propulsion maneuver. 
a b i a s  i n  the  ind ica t ed  oxid izer  quant i ty  caused s e v e r a l  caution-and- 
warning s igna ls  during t h i s  maneuver. The gaging system w a s  d i sab led  
f o r  a l l  remaining maneuvers u n t i l  a s p e c i a l  gaging tes t  performed during 
t h e  seventh f i r i n g .  A non-firing t e s t  had ind ica t ed  s a t i s f a c t o r y  opera- 
t i o n  of a l l  servo-motor loops and t h e  caut ion and warning system, and t h e  
gaging system was r eac t iva t ed  f o r  t h e  seventh maneuver. Results of t h i s  
f i r i n g  ind ica t e  t h a t  t h e  oxid izer  quant i ty  ind ica t ion  w a s  b iased  by about 
3 percent .  The b i a s  discrepancy has been i s o l a t e d  t o  t h e  primary gaging 
system of the  oxid izer  s torage  tank. 

Af te r  deple t ion  of t hese  t anks ,  

Environmental Control System 

Performance of  t h e  environmental cont ro l  system was s a t i s f a c t o r y .  
Pressur iza t ion  of t h e  lunar  module was accomplished by increas ing  the  
command module cabin pressure t o  5.8 p s i a  and then  dumping t h e  s t o r e d  
gas i n t o  t h e  luna r  module. 

The cabin fans were o f f  f o r  most of t h e  mission. On t h e  seventh day, 
cabin f an  1 w a s  found t o  be  inopera t ive .  

Crew Provis ions 

C r e w  provis ions,  including t h e  space-suit  were adequate. The crew 
experienced some d i f f i c u l t y  maneuvering wi th in  t h e  command module cabin 
and t r a n s f e r r i n g  t o  t h e  lunar  module because of a s t i f f n e s s  i n  t h e  oxygen 
umbil icals  . 

LUNAR MODULE SYSTEMS PERFORMANCE 

S t r u c t u r a l  and Mechanical Systems 

Accelerations measured on t h e  lunar  module during f i r s t - s t a g e  boost  
p r i o r  t o  cutoff  compared w e l l  with values obtained during Apollo 8. The 
acce le ra t ion  responses i n  t h e  X and Z axes immediately a f t e r  f i r s t - s t a g e  
engine cutoff  were h igher  than  those on previous missions.  However, t h e  
loads r e s u l t i n g  from t h e  worst combination of t h e  l a te ra l  and a x i a l  
acce le ra t ions  were wi th in  t h e  lunar  module s t r u c t u r a l  capab i l i t y .  



Thermal Control 

The passive and ac t ive  thermal cont ro l  systems performed nominally. 
A l l  d a t a  i n d i c a t e  acceptable temperatures,  and no s i g n i f i c a n t  thermal 
problems were evident  during t h e  mission. The luna r  module i n s u l a t i o n  
performed s a t i s f a c t o r i l y ,  as evidenced by a drop of only 2O F i n  bulk 
p rope l l an t  temperatures during t h e  first 42-hour per iod of dormant oper- 
a t i o n  and by t h e  nominal 66" t o  p0 F range of propel lan t  temperatures 
f o r  t h e  mission. 

E l e c t r i c a l  Power 

The descent,  ascent ,  and pyrotechnic b a t t e r i e s  performed s a t i s f a c -  
t o r i l y .  The descent b a t t e r i e s  suppl ied 1056 A-h of a nominal t o t a l  capa- 
c i t y  of 1600 A-h. The ascent b a t t e r i e s  had de l ivered  368 A-h a t  t h e  com- 
p l e t i o n  of  t h e  ascent  engine f i r i n g  t o  deplet ion from a nominal t o t a l  
capaci ty  of 620 A-h. P a r a l l e l i n g  of t h e  descent and ascent  b a t t e r i e s  w a s  
demonstrated, and a l l  switchovers were accomplished a s  required.  The dc 
bus vol tage w a s  maintained above 28.9 V dc, and t h e  m a x i m u m  observed load  
w a s  103 amperes. Both inve r t e r s  performed s a t i s f a c t o r i l y .  

Comuni ca t  ions 

The communication system adequately supported t h e  mission. During 
t h e  S-band backup voice check at  about 50.7 hours ,  air-to-ground t r ans -  
missions were not received. The crew had configured f o r  continuous i n t e r -  
communications only;  t h e r e f o r e ,  attempted t ransmissions without a c t i v a t i n g  
t h e  requi red  push-to-talk switch were unsuccessful.  The only systems 
problem occurred a t  approximately 88 hours ,  when a c t i v a t i o n  of t h e  Lunar 
Module P i l o t ' s  push-to-talk switches on t h e  umbil ical  and hand c o n t r o l l e r  
f a i l e d  t o  t ransmi t  downlink voice.  It cannot be v e r i f i e d  whether o r  not 
t h e s e  switches were checked f o r  proper operat ion a f t e r  t h i s  discrepancy 
occurred. The luna r  configurat ion camera w a s  used f o r  t h e  f i r s t  t ime,  
and r e s u l t e d  i n  two t e l e v i s i o n  transmissions of good q u a l i t y .  

Instrumentation 

The performance of t h e  operat ional  instrumentat ion w a s  s a t i s f a c t o r y  
with only minor exceptions.  The displayed values of s u p e r c r i t i c a l  helium 
pressure  were i n t e r m i t t e n t ,  bu t  an independent te lemetry measurement f o r  
t h i s  pressure  w a s  nominal. The t w o  descent-fuel-tank temperature measure- 
ments i nd ica t ed  random pos i t i ve  s h i f t s  of approximately 5 O  F. The suit- 
disconnect-valve measurement f o r  the  Lunar Module P i l o t  w a s  i n t e r m i t t e n t ,  
b u t  proper valve operat ion w a s  v e r i f i e d  by t h e  crew. The water quan t i ty  
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measuring device i n  ascent  tank 1 ind ica t ed  abnormally high water usage. 
The pressure switch measurement f o r  t h r u s t e r  4 (up)  i n  t h e  r eac t ion  con- 
t r o l  system w a s  inopera t ive  from t h e  i n i t i a l  ho t - f i r i ng  un t i l  Just  p r i o r  
t o  docking, a f t e r  which time it remained i n t e r m i t t e n t .  A low-level pro- 
p e l l a n t  warning occurred a f t e r  t h e  last descent engine f i r i n g ;  however , 
both fuel  and oxid izer  panel i nd ica to r s  displayed normal q u a n t i t i e s .  A 
caution-and-warning s i g n a l  f o r  t h e  abort  guidance system occurred a t  
approximately 90 hours and w a s  confirmed by telemetry da ta .  The system 
w a s  then  checked by t h e  crew and found t o  b e  normal, 

The development f l i g h t  instrumentat ion,  inc luding  t h e  VHF, PCM, and 
C-band transponder links , operated s a t i s f a c t o r i l y .  One of t h e  tempera- 
ture  measurements i n  t h e  descent s t age  engine cavi ty  was inopera t ive  from 
2 minutes before  l i f t - o f f  through t h e  f i r s t  descent engine f i r i n g ,  bu t  
afterwards , t h e  measurement performed s a t i s f a c t o r i l y .  The yaw v ib ra t ion  
measurement on t h 6  navigat ion base w a s  inopera t ive  throughout t h e  f l i g h t .  
The measurements f o r  ox id izer  i n t e r f a c e  pressure  and s t r u t - 4  s t r a i n  f o r  
t h e  descent engine operated improperly during t h e  f irst  descent propul- 
s ion  system maneuver, bu t  performed s a t i s f a c t o r i l y  t h e r e a f t e r .  

Tracking Light 

The t racking  l i g h t  operated normally u n t i l  ascent  s tage/descent  
s t age  separat ion,  a f t e r  which it w a s  inopera t ive .  

Radar 

The landing radar  s e l f - t e s t  w a s  accomplished successfu l ly .  The 
landing radar w a s  monitored during t h e  descent engine f i r i n g ,  and no 
ind ica t ions  of lock-up were observed. The rendezvous radar  w a s  exer- 
c i sed  over a range of 260 feet t o  approximately 100 n. m i .  , and a l l  da ta  
appear t o  be wi th in  acceptable  l i m i t s .  

Guidance and Control 

Guidance and con t ro l  system performance w a s  s a t i s f a c t o r y  throughout 
t h e  mission. While docked, t h e  primary guidance system w a s  a l igned  t o  
a set  of gimbal angles ca l cu la t ed  on t h e  ground from spacecraf t  gimbal 
da t a ;  while undocked, t h e  system w a s  a l igned  with t h e  alignment o p t i c a l  
t e lescope .  Both methods appear t o  provide t h e  requi red  accuracy. Gyro 
d r i f t  da t a  and accelerometer b i a s  measurements ind ica ted  s t a b l e  i n e r t i a l  
component performance. 

The abort  guidance system w a s  a l igned,  c a l i b r a t e d ,  and i n i t i a l i z e d  
with t h e  primary system a number of t i m e s  with nominal r e s u l t s .  Gyro 
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and accelerometer e r r o r s  were very smll and s t a b l e .  
at abor t  system s t a t e  vector i n i t i a l i z a t i o n  f a i l e d  because of procedural  
problems. The i n i t i a l i z a t i o n  f a i l u r e s  occurred with t h e  te lemet ry  sys- 
t e m  i n  t h e  low-bit-rate mode when no computer information w a s  p re sen t .  
All i n i t i a l i z a t i o n  attempts during h igh-b i t - ra te  opera t ion  were success- 
ful. 

I n i t i a l  at tempts 

An abor t  guidance system warning alarm occurred during t h e  second 
power-up sequence. The alarm is normally caused by e i t h e r  a s e l f - t e s t  
f a i l u r e  or by an out-of-limits condition, and ind ica t ions  a r e  t h a t  a 
malfunction occurred i n  t h e  alarm c i r c u i t ,  r a t h e r  than  t h e  abor t  guid- 
ance. 

A l l  t r a n s l a t i o n  maneuvers were nominal. The primary system d i g i t a l  
a u t o p i l o t  con t ro l l ed  t h e  docked descent f i r i n g ,  t h e  ascent engine f i r i n g  
t o  deple t ion ,  and a l l  but one o f  t he  rendezvous maneuvers. The abort  
guidance system con t ro l l ed  t h e  descent engine opera t ion  during t h e  phas- 
i n g  maneuver. 

All s i g n i f i c a n t  primary and  secondary a t t i t u d e  con t ro l  modes were 
exerc i s ed . 

Reaction Control 

Performance of t h e  r eac t ion  cont ro l  system i n  a l l  modes w a s  satis- 
f ac to ry .  Operation of t h e  propellant feed  system w a s  nominal. 

Propel lan t  consumption through lunar module docking w a s  about 
35 percent  l e s s  than  predic ted .  Clus te r  temperatures were maintained 
wi th in  expected ranges. 

Descent Propulsion 

The descent propulsion system was operated t h r e e  t imes.  The f i r s t  
f i r i n g ,  which l a s t e d  370 seconds, was made while t h e  spacecraf t  were 
docked.. A discrepancy w a s  noted i n  t h e  s u p e r c r i t i c a l  helium pressur iza-  
t i o n  system, i n  which helium flow appeared t o  be blocked u n t i l  approxi- 
mately 30 seconds after i g n i t i o n .  

The last  two descent engine f i r i n g s  were accomplished as a p a r t  of 
rendezvous. Some roughness w a s  experienced during a momentary pause a t  
t h e  20 percent  po in t  while t h r o t t l i n g  from 10 t o  40 percent t h r u s t  during 
t h e  second f i r i n g .  
last  f i r i n g  with t h e  primary gaging probes ind ica t ing  normal q u a n t i t i e s  
i n  a l l  four  propel lan t  tanks .  

A low-level warning l i g h t  w a s  a c t i v a t e d  during t h e  
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Immediately a f t e r  t h e  f irst  descent engine f i r i n g ,  t h e  s u p e r c r i t i c a l  
helium t ank  pressure  cont inua l ly  decreased. 
upstream of t h e  ex te rna l  heat  exchanger. 

Data i n d i c a t e  a l eak  occurred 

Ascent Propulsion 

Ascent propulsion system parameters during t h e  coas t  per iod from 
launch t o  the  f i rs t  ascent  engine f i r i n g  were nominal. 
was  accomplished normally p r i o r  t o  rendezvous, and t h e  2.9-second i n i t i a l  
f i r i n g  w a s  successfu l ly  performed. The second engine f i r i n g  of 350 sec- 
onds w a s  successful ly  completed, achieving oxid izer  deple t ion  as planned. 
Ascent propulsion system operat ion w a s  normal during t h i s  f i r i n g ,  except 
f o r  apparent loss of t h e  primary regula tor  l eg .  

P res su r i za t ion  

Environmental Control 

Performance of t h e  environmental con t ro l  system w a s  adequate. The 

Sublimator dryout followed pre- 
primary water sublimator s t a r t e d  t h r e e  times and r e j e c t e d  hea t  loads 
which var ied  from 4700 t o  8200 Btu/hr.  
d i c t ed  behavior.  

The water and oxygen usages were wi th in  p red ic t ed  l i m i t s .  The aver- 
age water consumption w a s  approximately 6 l b / h r .  
usage w a s  0.27 l b / h r .  

The average oxygen 

Cabin leakage w a s  less than  0 .1  l b / h r .  
ture  f o r  a l l  t h r e e  manned periods w a s  6 7 O  k 2O F. 

The average cabin tempera- 

FLIGHT CREW PERFORMANCE 

Crew performance w a s  exce l len t  throughout t h e  mission, and t h e  f l i g h t  
w a s  conducted e s s e n t i a l l y  i n  accordance with t h e  nominal p lan .  

Preparat ion f o r  t r a n s f e r  t o  t h e  luna r  module requi red  longer  than  
an t i c ipa t ed ,  p r imar i ly  because of t h e  t i m e  requi red  f o r  the crewmen t o  
don t h e  space s u i t s .  
and a l s o  contr ibuted t o  t h e  longer prepara t ion  t ime.  A s  a result ,  about 
1 hour w a s  added t o  t h e  preparat ion t i m e  f o r  subsequent t r a n s f e r s .  

The s u i t  supply hoses were a source of i n t e r f e rence  

Visual and photographic inspec t ion  of t h e  e n t i r e  spacecraf t  w a s  
accomplished a f t e r  rendezvous and before  docking. 



BIOMEDICAL EVALUATION 

The launch was postponed f o r  72 hours because of symptoms of upper 
r e s p i r a t o r y  in fec t ions  i n  a l l  th ree  crewmen. Physical  examinations 
3 hours before  launch revealed no in fec t ion .  

The planned medical operations were conducted as scheduled except 
t h a t  t h e  Lunar Module P i l o t  experienced some nausea and vomiting p r i o r  
t o  and following t h e  i n i t i a l  t r a n s f e r  t o  t h e  lunar  module. 

Plans f o r  extravehicular  a c t i v i t y  were modified because of t h e  
Lunar Module P i l o t ' s  i l l n e s s .  The physiological  parameters were essen- 
t i a l l y  normal throughout t h e  mission. The Lunar Module P i l o t ' s  work 
r a t e  during ex t ravehicu lar  a c t i v i t y  w a s  on t h e  order  of 500 Btu/hr.  

MISSION SUPPORT PERFORMANCE 

Fl ight  Control 

F l igh t  cont ro l  performance was s a t i s f a c t o r y  i n  providing opera t iona l  
support  f o r  t h e  Apollo 9 mission. Minor spacecraf t  problems were encoun- 
t e r e d ,  bu t  none w a s  such t h a t  e i t h e r  t h e  mission operat ions or t h e  f l i g h t  
p lan  w a s  s i g n i f i c a n t l y  a l t e r e d .  

Early i n  t h e  mission, a caution and warning l i g h t  on hydrogen 
tank  1 was observed j u s t  p r i o r  t o  an automatic cycle  of t h e  hea te r s .  
This condi t ion p e r s i s t e d  and t h e  crew had t o  be d is turbed  during a r e s t  
pe r iod  a t  81 hours t o  increase  t h e  hydrogen tank pressure .  

On t h e  t h i r d  day, t h e  crew were about 1 hour behind t h e  t imel ine ,  
r e s u l t i n g  i n  cance l l ing  a l l  t h e  planned communications t e s t s  except for 
t h e  luna r  module secondary S-band t e s t  and t h e  lunar  module two-way re lay  
with t e l e v i s i o n .  

On' t h e  four th  day, t h e  extravehicular  a c t i v i t y  w a s  abbreviated and 
t h e  e x t e r n a l  t r a n s f e r  from t h e  lunar module t o  t h e  command module w a s  not 
performed. The a c t i v i t y  w a s  r e s t r i c t e d  t o  the  lunar  module forward p l a t -  
form because of concern about t h e  Lunar Module P i l o t ' s  e a r l i e r  i l l n e s s  
and proper readiness  f o r  t h e  rendezvous on t h e  following day. 

A t  'approximately 78 hours, a f t e r  t h e  tunnel  hardware had been in- 
s t a l l e d ,  a crewman made an unplanned r e t u r n  t o  t h e  luna r  module t o  open 
a c i r c u i t  breaker.  This change impacted t h e  rest per iod about 30 minutes. 
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Lunar module a c t i v a t i o n  w a s  performed approximately 40 minutes e a r l y  
on t h e  day of rendezvous t o  in su re  an on-time rendezvous i n i t i a t i o n .  The 
lunar  module t r ack ing  l i g h t  w a s  l o s t  at s tag ing ,  and t h e  command module 
could not  t r ack  t h e  lunar  module i n  darkness.  

The lunar  module VHF te lemetry and S-band power ampl i f i e r  were l o s t  
6 and 1 2  hours, r e spec t ive ly ,  a f te r  t h e  ascent  f i r i n g  t o  deple t ion .  
These f a i l u r e s  were expected because of t h e  l ack  of cool ing.  The e lec-  
t r i c a l  system c a p a b i l i t y  f o r  t h i s  spacecraf t  w a s  s e v e r a l  hours longer  
than  predicted.  Lunar module support  terminated at 113:42:00. 

On t h e  s i x t h  day, t h e  s i x t h  se rv ice  propuls ion maneuver w a s  delayed 
by one revolut ion.  The crew reported t h a t  t h e  +X t r a n s l a t i o n  d id  not  
occur. A procedural e r r o r  was  made i n  loading t h e  command module com- 
pu te r ,  s ince  t h e  Eroper se rv i ce  module r eac t ion  c o n t r o l  system quads were 
not se lec ted .  The computer was reloaded, and one revolu t ion  la ter ,  t h e  
maneuver was made s a t i s f a c t o r i l y .  

The command module te lescope  s tuck seve ra l  t i m e s  a t  approximately 
64 degrees.  
manually dr ive t h e  te lescope ,  but  w a s  of no s i g n i f i c a n t  impact t o  t h e  
mission. 

This problem requi red  t h e  crew t o  use a s p e c i a l  t o o l  t o  

The seventh se rv ice  propuls ion maneuver w a s  increased  t o  25 seconds 
i n  dura t ion  t o  permit a t e s t  of t h e  propel lan t  u t i l i z a t i o n  and gaging 
system. 

Network 

Overal l  mission support by t h e  Mission Control Center and the Manned 
Space F l igh t  Network w a s  considered s a t i s f a c t o r y  throughout the mission. 
Mission Control Center hardware, communications, and computer systems 
experienced very few problems with no major data l o s s e s .  Network t e l e m -  
e t r y ,  t rack ing ,  and command support  were s a t i s f a c t o r y .  The f e w  failures 
which were experienced had minimal impact on Mission Control Center 
opera t ions .  Carnarvon w a s  t h e  only s i t e  which had p e r s i s t e n t  support  
problems i n  t h a t  t h e  command and telemetry computers experienced out- 
ages.  

HF communications recept ion  during some per iods w a s  marginal a t  
s eve ra l  s i t e s ;  however, t h e  requirement f o r  HF communications w a s  kept  
a t  a minimumby using s a t e l l i t e  communications systems when poss ib l e .  
Although severa l  minor communications outages were experienced, no s ig-  
n i f i c a n t  data  l o s s e s  were experienced. A number of s i g n i f i c a n t  problems 
were experienced with air-to-ground communications pr imar i ly  because of 
ground procedural e r r o r s .  During t h e  fou r th  revolu t ion ,  over Guapnas, 
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air-to-ground voice was l o s t  f o r  approximately 6 minutes. 
i s  a t t r i b u t e d  t o  a procedural  error a t  t h e  Mission Control Center,  which 
had been improperly configured fo r  the t ransmissions.  

This f a i l u r e  

During ex t ravehicu lar  a c t i v i t y ,  air-to-ground t ransmissions t o  t h e  
spacec ra f t  were l o s t  from Guaymas, Texas, Merritt I s l and ,  Bermuda, and 
USNS Vanguard s t a t i o n s .  Downlink voice w a s  remoted t o  t h e  Mission Con- 
t r o l  Center nominally during t h e  same per iod.  The loss  of upl ink cap- 
a b i l i t y  w a s  caused by a combination of t h e  s t a t i o n s  being configured t o  
upl ink S-band only,  r a t h e r  than  S-band and VHF simultaneously,  and t h e  
spacec ra f t  crew had t h e  S-band volume f u l l y  decreased as planned. The 
problem w a s  further complicated by t h e  i n a b i l i t y  t o  t ransmi t  VHF voice 
from Bermuda because of a simultaneous t ransmission on t h a t  frequency 
from t h e  luna r  module and a suppression of t h e  VHF upl ink by t h e  continu- 
ously keyed po r t ab le  l i f e  support  system. 

Air-to-ground communications were l o s t  f o r  approximately 3 minutes 
over Texas during revolu t ion  119. This failure w a s  a t t r i b u t e d  t o  a patch- 
i n g  e r r o r  a t  Texas. 

R e  cove r y  

Recovery of t h e  Apollo 9 spacecraf t  and crew w a s  completed i n  t h e  
West At l an t i c  by t h e  prime recovery sh ip ,  USS Guadalcanal. 
i n g  table  i s  a l i s t  of s i g n i f i c a n t  recovery events on March 13, 1969. 

The follow- 

Event 

F i r s t  VHF contact  
F i r s t  beacon and voice contact 
F i r s t  v i s u a l  contact  
Landing 
Swimmers deployed 
F l o t a t i o n  c o l l a r  i n s t a l l e d  
Command module hatch open 
F i r s t  as t ronaut  aboard he l i cop te r  
A l l  a s t ronauts  i n  he l icopter  
Astronauts on deck 
Command module aboard recovery s h i p  

G . m . t .  , 
h r  :min 

16 : 51 
16 : 57 
16 : 59 

17 : 07 
17 : 14 
17:27 
17 : 39 
17 : 46 
17 : 50 
19 :13 

17 : 01 

The command module remained i n  t h e  stable I f l o t a t i o n  a t t i t u d e .  
Sea-s ta te  condi t ions were very moderate a t  t h e  recovery s i t e .  A prel imi-  
nary p l o t  of landing-point data i s  shown i n  t h e  following f i g u r e .  



23'20' 

23'15' 
5 
L 
0 z 

23"lO' 
68'04l 68'001 67'56' 

West longitude 

Landing point data. 



TABLE I.- SEQmNCE OF EVENTS 

Time, 
hr:min:sec Event 

Launch Phase 

3ange zero  (16:oo:oo G . m . t . )  

Lift-off 

3-IC inboard engine cu tof f  

3-IC outboard engine cu tof f  

3-1~ /s-11 sepa ra t ion  

3-11 engine i g n i t i o n  commanded 

In t e r s t age  j e t t i s o n  

Launch escape tower j e t t i s o n  

5-11 engine cu tof f  

2-II/S-IVB sepa ra t ion  

3-IVB engine i g n i t i o n  

3-IVB engine cu tof f  

Orbital Phase 
~ ~ ~ _ _ _ _ _ _ ~  ~ 

3rb i t a l  i n s e r t i o n  

CSM/S-IVB sepa ra t ion  command 

Docking 

Spacecraft  e j e c t i o n  from S-IVB 

F i r s t  s e r v i c e  propulsion maneuver 

Second s e r v i c e  propuls ion maneuver 

Third s e r v i c e  propulsion maneuver 

Fourth se rv ice  propulsion maneuver 

F i r s t  descent propulsion maneuver 

F i f t h  s e r v i c e  propuls ion maneuver 

Lunar module hatch open for extravehicular a c t i v i t y  

Lunar module ha tch  closed a f t e r  ex t ravehicu lar  a c t i v i t y  

0 Zoo Zoo .7 
0 :02:14.3 

0 :02: 42.8 

0 :02 :43.4 
0 : 02 : 44.2 
0 :03 :13.5 

0 : 03 : 18.3 
0:08:56.2 

0 :08: 57.2 
0 :Og :00.4 
0 :11 :Oh. 7 

0:ll 
2 :bo  
3:02 

4:08 

5:59 

14.7 

50 

08 

05 
00 

22 : 12 :O 3 
25:17:38 

28:24:40 

49 : 41 : 33 
54 : 26 : 11 
73 :oo :oo 
73: 49 :oo 
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TABLE I.- SEQUENCE OF EVENTS - Concluded 

T i m e ,  
hr :min : sec  Event 

Orbital Phase - concluded 
~~ 

F i r s t  undocking 

Command and se rv ice  module/lunar module sepa ra t ion  

Descent propulsion phasing maneuver 

Descent propulsion i n s e r t i o n  maneuver 

Coe lli p t  i c s eque nc,e i n i  t i at i on maneuver 

Constant delta height  maneuver (f irst  ascent  propuls ion)  

Terminal phase i n i t i a t i o n  

Docking 

Second undocking 

Ascent propulsion f i r i n g  t o  deple t ion  

S ix th  se rv ice  propuls ion maneuver 

Seventh serv ice  propuls ion maneuver 

Eighth serv ice  propulsion maneuver ( d e o r b i t )  
~~~ 

Entry Phase 

92 : 38 : 41  
9 3 0 2  : 53 
93: 47: 34 
95:39 :07 
96 :16 :04 
96 : 58 : 14 

97:57:59 
99 :03:00 

1 0 1  : 22 : 44 
101  : 53 : 14 
123:25 :06 
169 : 38 : 59 
240 : 31 : 1 4  

Command mo d d  e / s e r v i  c e mo dd. e s epara t  i on 

Entry in t e r f ace  (400 000 feet  a l t i t u d e )  

Begin blackout 

End blackout 

Drogue deployment 

Main parachute deployment 

Landing 

240:36:10 
240 : 44 : 1 3  
240 : 47 : 00 

240 : 50 : 42 
240 : 54: 47 
240 :55:34 
241:OO: 53 
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